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METHOD OF MANUFACTURING AN
INSULATING COUPLING FOR DRILL COLLARS

BACKGROUND OF THE INVENTION

This invention relates to the field of insulated cou-
plings for drill collars. More particularly, this invention
relates to an insulated drill collar coupling and the
method of manufacture thereof, wherein the threads of
the coupling joint are coated with a layer of insulating
material to effect electrical isolation between adjacent
sections of a drill collar to prevent a flow of electrical
current axially along the drill collar.

In the field of borehole drilling, there are several
reasons for which it may be desirable to provide electri-
cal 1solation between adjacent segments of a drill collar.
One of the principal reasons for wanting to electrically
1solate adjacent sections of a drill collar is for the pur-
pose of using the drill string as an electrical conduit for
the transmission to the surface of data collected at the
bottom of the well during the course of drilling. This
concept of electrical telemetry has been known for
many years, but it has not been applied on a serious
commercial basis because of a number of problems. One
of the principal problems involves the inability to pro-
duce a suitable insulated joint to provide electrical isola-
tion between adjacent segments of the drill collar with-
out seriously compromising the structural integrity of
the drill collar. Typically, insulated joints heretofore
known in the art have had a number of serious difficien-
cies or drawbacks, principal among which is the inabil-
ity to withstand the stresses caused by torque loads in
assembling and using the drill string.

Insulated joints of one kind or another are shown in a
number of issued U.S. patents. While not intending to
present an exhaustive list, typical prior art insulated,
Joints are shown in U.S. Pat. Nos. 3,150,321, 2,940,787,
2,917,704, 2,388,141, 2,313,384, 2,300,823 and 1,859,311.

SUMMARY OF THE INVENTION

The above discussed and other drawbacks and def-
ficiencies of the prior art are overcome or reduced by
the insulating coupling and method of manufacture

thereof of the present invention. In accordance with the |

present invention, an insulated coupling is formed with
a coating of insulating ceramic material on the threads
of one of the coupling segments. Prior to application of
the insulating ceramic coating, the threads are ma-
chined to remove an amount of material equal to the
thickness of the ceramic coating to be applied, so as to
preserve the dimensional integrity of the coupling. The
insulated ceramic coating is applied by a detonation gun
process, and the coating is applied within a critical
thickness range, to provide the desired combination of
achieving the desired electrical resistance while pre-
serving the structural integrity of the joint.

The above discussed and other features and advan-
tages of the present invention will be apparent to and
understood by those skilled in the art from the follow-
ing detailed description and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Referring now to the drawings;

FIG. 1 is a sectional elevation view of a joint section
of a drill collar with the insulating coupling of the pres-
ent mvention.
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2
FIG. 2 1s an enlarged view of a portion of the cou- .
pling of FIG. 1.
FIG. 3 is a flow diagram of the method of forming the
insulating coupling of the present invention.

DESCRIPTION OF THE PREFFERED
EMBODIMENT

Although it may find application in other environ-
ments, the present invention is primarily intended for
use in a drill string for the drilling of o0il and gas wells.
More particularly, the present invention is intended to
provide an insulated coupling between segments of a
drill coliar in a drill string so that the drill string may be
used as an electrical conduit for electrical telemetry to
the surface of data gathered down the well relating to
borehole information, such as directional drilling data,
well logging data, etc. Since the drill string and the rest
of the environment may be conventional, the drawings
show only the drill collar segment which incorporates
the insulated joint of the present invention.

Referring now to the several figures of the drawings,
an upper segment 10 of a drill collar is connected to a
lower segment 12 by an insulated threaded joint 14. In
the vicinity of joint 14, drill collar segment 10 may
consist of an American Petroleum Institute (API) “pin”
connection 16, and drill collar segment 12 consists of an
API “box™ connection 18. The pin and box connections
16 and 18 have mating threads (shown in detail in FIG.
2) to form a threaded connection between drill collar
segments 10 and 12. The threads extend between end
section 20 on drill collar segment 10 and shoulder 23 on
drill collar segment 12.

Referring particularly to FIG. 2, the threaded con-
nection between box 18 and pin 16 is shown in detail. In
accordance with the present invention, an electrically
insulating ceramic coating 24, such as aluminum oxide,
1s applied to the threads on pin element 16. The insulat-
ing ceramic coating will be applied to the entire length
or axial span of the threads, and the insulating coating
will also extend onto the end section 20 and shoulder 22
of drill collar segment 10 to insure electrical isolation
between the drill collar segments. While it is also possi-
ble to apply the coating to the threads of box element 18
and shoulder 23 of drill collar segment 12, the insulating
ceramic coating will be applied to one or the other of
the joint segments, but it is not necessary to apply the
coating to both.

As shown in the flow process of FIG. 3, joint 14 is
formed by a multi-step process. In step A, a small
amount of material is removed from the threads and
shoulder section of the joint segment which is to be
coated with the insulating material. Thus, assuming that
the insulating ceramic coating is to be applied to pin
element 16 of drill collar segment 10, a small amount of
material, equal in depth to the depth or thickness of the
coating to be applied, is removed from the threads on
the pin segment 16 and shoulder area 22, as by machin-
ing. Next, in step B, a coating of the insulating ceramic
material, preferably aluminum oxide, is applied to the
reduced thread and shoulder areas to return those parts
of pin section 16 to their original dimensions and, op-
tionally, to end section 20 as a possible safety precaution
against shorting. The insulating ceramic coating is ap-
plied by a detonation gun process known in the art, and
the insulation coating is applied along the entire axial
and circumferential extent of the threads and along the
shoulder area and optional end area (all of which may
be considered to be the “threaded section® as used in
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the specification and claims) to insure electrical isola-
tion between the drill collar segments. After the insulat-
ing coating 24 has been applied to the threaded section,
the aluminum oxide is sealed, in step C, with an epoxy
or similar type sealer to eliminate or reduce porosity.

As an alternative to removing material from drill
collar segment 10, it 1s also possible to form drill collar
segment 10 undersized by the thickness of the ceramic
coating to be applied, and thereafter applying the de-
sired thickness of ceramic insulating coating.

In accordance with the present invention, it is essen-
tial that the coating 24 be applied in a critical range of
thickness on the threads to be insulated. This critical
range of thickness is between 0.002 and 0.006 inch for
the thickness of the coating. A coating which is less
than 0.002 inch thickness may not provide the necessary
electrical resistance, even though it may maintain its
mechanical integrity. Conversely, a coating which is
greater than 0.006 inch may be susceptible to chipping
off at the thread crests, which will result in a loss of
electrical insulation and may also impair structural in-
tegrity. A coating greater than 0.006 inch may chip off
because the greater thickness of the coating causes the
brittle ceramic to be more highly stressed as it tries to
follow the deformation of the threads of the joint when
torque is applied during assembly. With a coating main-
“tained in the critical thickness range between 0.002 inch
and 0.006 inch, the joint of the present invention estab-
lishes and maintains electrical isolation between drill

collar segments 10 and 12 without any significant im-
pairment of the structural integrity and torque carrying
capability of the joint. Also, it is to be noted that it is
essential to the practice of the present invention that the
insulating coating 24 will be applied by a detonation gun
process such as Union Carbide’s known detonation gun
process or an equivalent process which will produce a
bond between the ceramic insulating material and the
metal threads sufficient to withstand the stresses and
torque encountered in assembly and using the drill col-
lar. Plasma spray and similar processes are not suitable,
because they do not result in a bond of sufficient
strength to withstand the stresses encountered in the
system.

While preferred embodiments have been shown and
described, various modifications and substitutions may
be made thereto without departing from the spirit and
scope of the invention. Accordingly, it is to be under-
- stood that the present invention has been described by
way of illustrations and not limitation.

What 1s claimed is:

1. A method for forming an electrically insulating
coupling for a drill collar having first and second tubu-
lar drill collar segments with mating threaded sections,
including the steps of:
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forming the threaded section of one of said drill collar
segments of a reduced tubular wall thickness of
from 0.002 to 0.006 inch relative to the desired
finished dimension for threaded engagement with
the mating threaded section of the other of said
drill collar segments;

applying an electrically insulating ceramic coating of

from 0.002 to 0.006 inch to said threaded section of
said one drill collar segment to obtain the desired
final dimension:

sealing the ceramic coating with a sealer effective to

reduce porosity and

then threading said first and second sections together

to form an electrically insulated drill collar.

2. The method of claim 1 wherein the step of apply-
ing a coating of ceramic material includes:

applying the ceramic material by a detonation gun

process.

3. The method of claim 1 wherein said step of form-
ing the threaded section of one of said drill collar seg-
ments of reduced tubular wall thickness includes:

originally forming said threaded section of said one

drill collar segment undersized by the thickness of
the ceramic coating to be applied.

4. The method of claim 3 wherein the step of apply-
Ing a coating of ceramic material includes:

applying the ceramic material by a detonation gun

Process.
S. The method of claim 1 wherein said step of form-

ing the threaded section of one of said drill collar seg-
ments of reduced tubular wall thickness includes:
originally forming said threaded section to a first
predetermined dimension; -and
removing from said threaded section a predetermined
amount of material to reduce the thickness thereof
to less than the final desired dimension. |

6. The method of claim § wherein the step of apply-
ing a coating of ceramic material includes:

applying the ceramic material by a detonation gun

process.

7. The method of claim 1 wherein said step of form-
ing the threaded section of one of said drill collar seg-
ments of reduced tubular wall thickness includes:
originally forming said threaded section to approxi-

mately the final desired dimension thereof: and
removing from said threaded section an amount of

material equal to the thickness of coating of ce-
ramic insulating material to be applied to said re-
duced threaded portion.
8. The method of claim 7 wherein the step of apply-
Ing a coating of ceramic material includes:
applying the ceramic material by a detonation gun

process. .
% * % %k X
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